maintaining minimal toxicity, as well as biological responsiveness to promote vesicle disruption and release of encapsulated cargos.
Introduction
Polymeric nanocarriers show great promise for controlled intracellular delivery of therapeutics.
For successful translation to applications, it is critical these carriers incorporate many levels of functionality, such as cellular uptake and triggered disruption, which often requires use of complex chemistries and designs. [1] Synthetic carriers prepared solely from natural components that are resorbable and biocompatible are desirable, yet realization of biomimetic multifunctionality in such materials is challenging. [2] Here, we developed nanoscale vesicles with multiple functionalities via physical blending of diblock and triblock copolypeptide amphiphiles.
These nanocarriers were prepared from natural amino acids and were optimized to possess a desirable combination of minimal cytotoxicity and good cellular uptake. Since these carriers incorporate hydrophilic poly(L-methionine sulfoxide), M O , segments they also have the potential to release encapsulated cargos upon reduction by enzymes that are present within cells. [3] The ability to add functionality to copolypeptide vesicles by blending of different component amphiphiles provides a useful method to create well-defined assemblies with multiple combinations of properties in a straightforward manner.
Block copolypeptide vesicles are promising nanocarriers possessing attractive features of biodegradability, tunable size and stability, and ability to incorporate the functionality of proteins. [2, 4] We previously reported vesicles composed of poly(L-homoarginine) 60 -block-poly(Lleucine) 20 , R H 60 L 20 , where the polyguanidinium segments served as hydrophilic domains in vesicle formation, and also promoted cellular uptake similar to the widely known cell penetrating properties of the HIV TAT peptide. [5] However, the cationic R H 60 L 20 vesicles are cytotoxic at high concentrations, and also have limited ability to release their cargos intracellularly. [6] We recently reported the preparation of enzyme responsive copolypeptide vesicles incorporating non-toxic, water soluble M O segments where enzymatic reduction of M O residues caused changes in chain conformations and solubility that resulted in vesicle rupture and release of encapsulated cargos. [7] These materials utilized cell compatible and degradable components and were found to be excellent substrates for ubiquitous intracellular reductases, providing a potential means for intracellular cargo release. However, a limitation of these M these desirable features. The challenge of this task was being able to obtain an optimal level of polyguanidinium content to achieve good cell uptake without the carriers becoming adversely toxic. In previous work, we designed and prepared dual hydrophilic triblock copolypeptides with a similar goal, where the copolymers contained a polyguanidinium segment to promote cellular uptake, as well as an anionic or non-ionic segment to minimize toxicity. [8] In these designs, only limited success was achieved since anionic segments bound to the polyguanidinium segments prohibiting cellular uptake, and the non-ionic segments were rod-like α-helices that disfavored vesicle formation. In contrast, the non-ionic hydrophilic homopolypeptide M O possesses a disordered conformation in water that helps promote vesicle formation. [7] Using this insight, we designed new triblock copolypeptides containing both oligoguanidinium have not been reported, we previously showed that larger copolypeptide amphiphiles could be blended in hydrogel formulations where properties obtained were a combination of those seen in the individual components. [9] In these studies, an important requirement for successful blending was found to be the use of amphiphiles with similar hydrophobic segment lengths, while mixture of greatly different hydrophilic segments lengths was tolerated. [9] If different length hydrophobic segments were mixed, the resulting polydispersity within this domain resulted in destabilization of the hydrogel self-assembled structures. We applied this knowledge here to copolypeptide blending experiments designed to yield vesicle assemblies with tunable properties.
Experimental
Materials and general procedures. Anhydrous tetrahydrofuran (THF), hexane and diethyl ether were prepared by passage through alumina columns, and oxygen was removed by purging with nitrogen prior to use. Synthesis. All α-amino acid-N-carboxyanhydride (NCA) monomers were synthesized using previously described protocols. L-Phenylalanine, L-leucine and N ε -trifluoroacetyl-L-lysine NCAs were synthesized by phosgenation and purified by recrystallization. [5, 8] L-Methionine NCA was prepared by phosgenation and purified by anhydrous column chromatography. [10] α-Methoxy-ω-isocyanoethyl-poly(ethylene glycol) 45 (mPEG 45 -NCO), used to endcap polypeptide chains to determine their molecular weights (M n ), was prepared by reacting α-methoxy-ω-aminoethyl-
, Nanocs) with phosgene in THF for 16 h. [10] All triblock copolypeptides were synthesized using (PMe 3 ) 4 Co initiator using established protocols, [7, 11] and M O 65 (L 0.5 /F 0.5 ) 20 was prepared as previously described. Subsequently, the media containing the vesicles was aspirated, and the cells were washed three times with PBS to remove any copolypeptide nonspecifically attached on cell surfaces.
Afterwards, the cells were analyzed using either confocal microscopy or flow cytometry to determine the extent of vesicle uptake.
Laser scanning confocal microscopy (LSCM) of cells. LSCM images of cells that had been incubated with vesicles were taken on a Leica Inverted TCS-SP MP Spectral Confocal and
Multiphoton Microscope (Heidelberg, Germany) equipped with an argon laser (488 nm blue excitation: JDS Uniphase), a diode laser (DPSS; 561 nm yellow-green excitation: Melles Griot), a helium-neon laser (633 nm red excitation), and a two photon laser setup consisting of a Spectra-Physics Millenia X 532 nm green diode pump laser and a Tsunami Ti-Sapphire picosecond pulsed infrared laser tuned at 768 nm for UV excitation. Note that images were taken using an airy unit of one. 
Measurement of vesicle cytotoxicity

Results and Discussion
To prepare the R Table S1 ). [7, 11] The designed segment lengths and compositions were based on the diblock copolymer M O 65 (L 0.5 /F 0.5 ) 20 , which has been shown to readily form stable vesicles in water that can be extruded to nanoscale diameters. [7] Direct oxidation of hydrophobic methionine residues in the new hydrophobic triblock precursors with hydrogen peroxide at 0 ºC gave the corresponding amphiphilic methionine sulfoxide derivatives, K TFA x M O 55 (L 0.5 /F 0.5 ) 20 , in high yield and purity (Scheme 1, see SI). [12] Using established methods, the lysine residues were then deprotected, [13] followed by guanylation of lysine amine groups [14] to yield the desired copolypeptides diameters of a few microns, [5, 7] as determined by differential interference contrast (DIC) optical microscopy ( Figure 1A ,B). These vesicles formed stable suspensions that did not aggregate or precipitate over time in aqueous media, and showed that the addition of short R Table 1 ).
Enabling the ability to fine tune the density of R 
Conclusions
Here we prepared dual hydrophilic triblock copolypeptide vesicles that are able to form both Diblock and triblock copolypeptides were blended to form vesicle populations with uniform compositions. Mixing of cationic and non-ionic amphiphiles in these vesicles gave optimized properties of good cellular uptake while maintaining minimal cytotoxicity. Copolypeptide mixing is a promising strategy to provide useful functionality without requiring the use of complicated synthesis procedures.
